Progress Report
The flow loop and acoustic probe system were commissioned in June 2002. Refer to Figure 1 for a schematic of the main flow loop and Figure 2 for a photograph of the spool piece. A series of preliminary tests were conducted from June to August 2002 to assess the functionality of the flow loop and the acoustic probe. Full-scale experiments were conducted from August to October 2002 after necessary alterations were made. These experiments consisted of benchscale batch calibration and three experiments in the main flow loop. The latter were with S-L, gas-liquid (G-L), and S-G-L systems, using ceramic microspheres (~80 µm diameter) as solids, air as gas, and tap water as liquid.
The batch calibration compared the attenuation of signals in slurry of a known weight percent with signals in distilled water. These data are plotted against the concentration of solids at various frequencies to obtain calibration curves for the system (Fig. 3) . At high weight percents a non-linear relationship is evident in the 10 MHz range, thus only the linear regions are fit and at high regression coefficients. The 5 and 7 MHz responses are linear up to 10 weight percent (wt%) solids and the 8 MHz up to 7.5 wt%. Figure 4 shows a plot of concentration versus time for the S-L system in the main flow loop at four different frequencies. Solids were added stepwise to the system and each region of the plot is labeled with its expected concentration. Actual concentration measurements from an inline sampling port are labeled on the right axis and expressed by horizontal lines in the figure. Note that the 10 MHz signal does not concur with the other signals due to non-linearity. These results show excellent measurements of the actual solids concentration up to 7.25 wt% using the offline calibration at 5, 7, and 8 MHz. These measurements are recorded in real time and demonstrate rapid response to instantaneous changes in solids concentration.
The concentration measurements from the acoustic probe are plotted against measurements from the inline sample port in Figure 5 . The 5, 7, and 8 MHz data compare extremely well with expectations. As before, however, the 10 MHz data are not in agreement with this model due to non-linearity. The acoustic data and sample port data can be compared using the statistical F-test method and provides approximately 95% confidence. If the 10 MHz data are excluded, the confidence level is improved to 99% indicating almost perfect correspondence between the two data sets.
The S-G-L experiment was designed to show the direct effects of air bubbles on the slurry. Figure 6 shows the response of the monitor to real-time experiments in the main loop. Two different constant solid concentrations (about 0.5 (a) and 1.0 (b) weight percent) are established after which air bubbles are introduced at five-minute intervals with increasing bubble volume fraction from 0.005 to 0.10 volume percent. The measured concentration based on attenuation at 7 MHz increases as more bubbles are introduced.
The green curves (upper) represent the predicted solids concentration if the presence of bubbles is not accounted in the analysis. The purple curves (lower) show the results obtained from our bubble interference removal analysis. Note that the predicted solid concentration is practically unaffected by the increase in bubble volume fraction. However, the scattering in this curve is significantly greater than in the attenuation-based concentration curve and there is a slight loss of accuracy (Fig. 6a) . These effects are more pronounced at higher concentrations. Further improvements in data analysis are required to overcome these difficulties.
Conclusions and Planned Activities
In conclusion, we have:
• Developed a robust data acquisition system to continuously acquire attenuation spectra from 0.6 -12 MHz for S-L, G-L, and S-G-L slurries with 6-pairs of ultrasonic transducers installed in two acoustic monitors; • Demonstrated linear calibration of attenuation versus concentration; • Demonstrated online, real time measurement of S-L concentrations; and • Obtained results that indicate possibilities to remove gas phase attenuation interference to determine S-L attenuation in S-G-L mixtures.
In future activities, we will:
• Conduct studies on the physical surrogate slurry (kaolin-bentonite clay mixture),
• Conduct studies on the chemical surrogate slurry (SY-101 sodium salt mixture),
• Conduct final experiments at SU under the supervision of ORNL personnel, and • Write the final report. 
